Abstract. Methane (CH4) fluxes between soils and the atmosphere were measured in two tropical forest-to-pasture chronosequences in the state of Rond6nia, Brazil. Forest soils always consumed atmospheric CH 4 with maximum uptake rates in the dry season. Pasture soils consumed atmospheric CH 4 during the dry season, but at lower rates than those in the forests. When soil moisture increased in the pasture soils, they became a source of CH 4 to the atmosphere. 
Introduction
Methane (CH4) is an important long-lived tropospheric gas that affects the chemical composition of the atmosphere. It decreases the concentration of hydroxyl radical and behaves as a radiatively active gas that can alter global surface temperatures [Watson et al., 1990 [Watson et al., , 1992 . Methane contributes strongly to the atmospheric greenhouse effect, because CH 4 has combined direct and indirect total global warming potential that is about 25-60 times greater than CO2 [Albritton et al., 1995] . The abundance of CH 4 has been increasing in the tropospheric at an average rate of about 20 ppbv or 1.3%/yr during the late 1970s and at about 13 ppbv/yr or 0.8% /yr more recently during the late 1980s [Khalil and Rasmussen, 1994; Prather et al., 1995] . The decrease in the rate of increase may be related to decreases in the rates of expansion of rice cultivation and cattle populations, two of the major CH 4 sources affected by human activities [Khalil and Rasmussen, 1994] .
Globally, tropical ecosystems are considered to be important sources and sinks for CH 4. The major sources are primarily natural wetlands [Bartlett and Hatriss, 1993] and humaninfluenced activities such as rice cultivation [Shearer and Khalil, 1993] , domestic animals [Anastasi and Simpson, 1993] , and biomass burning [Andreae and Warneck, 1994] . Upland forest and savanna soils are generally sinks for atmospheric CH 4 [Keller et al., 1986 [Keller et al., , 1990 atmosphere were made at chronosequence I beginning in June 1992 and at chronosequence II beginning in July 1992 and continued through December 1993. Sampling dates were chosen to capture the annual pattern in precipitation. Methane fluxes were measured 3 times during the day at 0700, 1200, and 1700 hours, corresponding to minimum, maximum, and intermediate soil and air temperatures. Methane fluxes were measured by using a two-part chamber design [Bowden et al., 1990] with three chambers at each of the 12 sites. Chamber anchors were installed several days before the initial measurements were begun and remained in place throughout the study period. In each site, anchors were located about 6 m apart, and in the pastures, anchors were placed between clumps of tiller. Surface litter material was left in place, and there were no grass stems inside the anchors. Ambient air, 2.5, 5, and 10 cm soil temperatures were measured at one chamber at each site during each incubation. Chamber headspace gas samples were collected by using 20-mL nylon syringes [Bowden et al., 1990) at the beginning of the incubation and at 5, 10, 20, or 30 min thereafter. Syringes were compressed to 15 mL to improve storage times. Laboratory storage experiments with subambient (0.501 ppmv) CH 4 showed that the concentration in the syringes increased by 3.1% after 7 days and 4.8% after 14 days. Experiments with superambient (4.08 ppmv) CH 4 showed a 0.87% decrease in concentration after 14 days. Gas samples were returned to the laboratory in Piracicaba, Brazil, and analyzed within 7 to 10 days. Methane concentrations were determined by using gas chromatography with a flame ionization detector [Steudler et al., 1989] . Two Scott certified standards of 0.618 and 3.02 ppmv CH 4 in N 2 were used for calibration. Fluxes were calculated by using the linear change in CH 4 concentration with chamber incubation time.
Five soil cores were taken at each site for determination of gravimetric soil moisture at 0-5 cm and 5-10 cm depths once per day.
Subsamples were taken from the same cores for determination of NH4 + and NO3' pools and net nitrogen mineralization and nitrification rates . Subsamples were also taken at the same depths for determination of particule density [Blake and Hartge, 1986] . Soil porosities were calculated for all sites in both chronosequences from soil bulk densities at 0-5 and 5-10 cm depths and the corresponding particle density data. We used the soil porosity information and soil moistures to calculate the percent water-filled pore space (%WFPS) at each site for every sampling date.
We used all the data collected in 1992 and 1993 to test for relationships between environmental variables and CH 4 fluxes.
The effects of soil temperature, %WFPS, soil NH4 + and NO3' pools, net nitrogen mineralization, and nitrification rates on the fluxes of CH 4 were tested by using linear or multiple linear regression analysis (REG procedure of SAS, SAS Institute, Inc. 1987). We tested for differences in CH 4 fluxes at minimum or maximum soil temperature, using a one-way nonparametric analysis of variance and the Wilcoxon two-sample test analysis of variance (SAS). We used the same procedures to test for differences in %WFPS and CH 4 fluxes between the two forest stands. We estimated the annual CH 4 fluxes for the forest stands and pastures, using the average daily fluxes measured in 1993 by taking the mean rate from the six samplings and applying that rate over 365 days. . Our preliminary measurements indicate that cellulose concentrations were 8-50% higher in the pastures than in the forest. With our present knowledge we cannot evaluate the overall importance of each of these factors in the observed differences in the CH 4 fluxes between forest and pastures. However, it seems likely that because pastures have more optimal conditions for CH 4 production, the potential exists for higher emissions from the pastures than from the forests. Chronosequence II forest soil always had significantly (p < 0.01) lower %WFPS at 0-5 cm depth than the forest in chronosequence I, possibly because chronosequence II forest had lower soil bulk density and greater soil porosity than the forest of chronosequence I. Since diffussion of atmospheric CH 4 into the soil is considered to be one of the most important controls of CH 4 consumption [Born et al., 1990; Striegl, 1993] , soils with greater soil porosity would be expected to have greater CH 4 uptake rates. This may be the reason why chronosequence II forest always had greater (p < 0.01) CH 4 uptake rates than chronosequence I forest (Figures 1 and 2) . 
Results
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